Pneumonia has been identified as a major cause of poor lamb survival in indigenous herds of Rocky Mountain bighorn sheep (Ovis canadensis canadensis) in central Idaho. Pasteurella haemolytica was isolated from five adult Rocky Mountain bighorn ewes captured from a free-ranging herd in central Idaho. The lambs from two of these ewes delivered by cesarean section were free of P. haemolytica until 40 days of age and after repeated contact with their dams. The lambs subsequently developed signs of pneumonia, and P. haemolytica was isolated from nasal, pharyngeal, and transtracheal wash samples from each lamb. All P. haemolytica biotype T isolates from the ewes and lambs, as well as those from a 9-month-old lamb of the same herd from which samples for culture were obtained 2 years earlier, were subjected to HaeIII restriction enzyme analysis (REA) and ribotyping. Two ribotypes and seven REA patterns were visually distinguishable by these procedures. Similarity coefficients (SAB) of 0.09 to 0.95 were calculated for the seven REA patterns. The REA patterns of the isolates from the lambs were identical (SAB = 1.0). The isolates from the lambs also had SAB values of 1.0, which was indicative of identity with one of the seven isolates cultured from the ewes at the time of capture and with the organism isolated from the 9-month-old lamb. These procedures have the discriminatory capabilities necessary to monitor the transmission of specific strains of bacteria within and between animal populations.
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Lamb mortality has exceeded 90% each year since 1988 in some central Idaho herds of bighom sheep (Ovis canadensis canadensis). Observations of free-ranging bighorn sheep in 1990 provided evidence that pneumonia associated with Pasteurella infections may have contributed to the high lamb mortality (1). Pasteurella spp., which are common commensal organisms on the mucous membranes of the upper respiratory tract of numerous animal species (4, 5, 7, 15) , have been isolated from the tonsils and upper respiratory tracts of clinically normal bighom sheep (37, 41) . However, P. haemolytica has also been incriminated as a cause of disease in various animals including bighorn sheep (5, 7, 14, 16, 18, 21, 23, 28, 29) . These organisms generally act as opportunistic pathogens that can cause pneumonia when Mycoplasma spp., viruses, parasites, or various stress factors reduce the normal protective mechanisms of the respiratory tract (16, 24, 25) .
The Pasteurella genus includes a diverse group of bacteria which has been divided into species, biotypes, biogroups, and serotypes. Biotypes and biogroups are differentiated on the basis of reactions of biochemical profiles in media containing different substrates (3, 8, 10, 26) . Pasteurella haemolytica has been divided into three biotypes, biotypes A, T, and 3 (26) . The serotypes of the isolates within the biotypes can be determined by detection of specific antigens produced by the bacteria (19) . Certain biotypes and serotypes appear to have a predilection for particular animal example, P. haemolytica biotype A serotypes 1 and 2 (Al and A2, respectively) both colonize the nasopharyngeal mucosae of cattle, but it is serotype Al that is predominantly associated with pneumonia in cattle (18) . In contrast, pneumonia in sheep is generally associated with serotype A2, which is a common commensal organism on the nasal mucosae and with biotype T strains which are harbored in the tonsillar crypts of clinically normal sheep (2, 21) . Specific host predilection and disease associations have not been reported for P. haemolytica biotype 3 organisms. Factors associated with host predilection of biochemically and serologically distinct bacterial strains have not been clearly identified. Markers which can be used to identify strains of Pasteurella associated with disease and to monitor their transmission would help to elucidate the factors associated with predilection.
Reproducible genetic markers can be identified by application of rRNA restriction fragment length polymorphisms (ribotyping) and restriction enzyme analysis (REA) (13, 20, 22) . These procedures have been used in human and veterinary epidemiology to identify unique bacterial strains and trace infections to their sources (9, 12, 27 Samples. Nasal and tonsillar samples were collected from all five of the ewes at the time of capture and from the mothers of the cesarean-delivered lambs at the time of surgery and at selected intervals as described previously (38) . Nasal and tonsillar swab samples were collected from the lambs on PD days 12, 34, 40, 53, 55, 64, 72, and 73. Transtracheal wash samples were collected from lambs on PD days 55 and 73, when signs of pneumonia were evident. In addition, lung tissue was collected from a lamb in the ewes' herd of origin (lamb 1); the lamb died at the time of capture 2 years earlier.
All samples for bacteriological cultures were inoculated onto the following three media: Columbia blood agar (Becton Dickinson Microbiology Systems, Cockeysville, Md.) with 5% ovine blood, Columbia blood agar with 5% bovine blood and antibiotics (5 ,ug of vancomycin, 5 ptg of neomycin, 100 u of nystatin, and 100 pug of cycloheximide [Sigma Chemical Co., St. Louis, Mo.] plus 50 ,ug of sodium azide and 1 jig of thiamine monophosphate [Sigma] per ml) to provide selectivity for Pasteurella spp. (39) , and Hayflick's agar selective for Mycoplasma spp. (35) . The cultures were incubated at 35°C in an atmosphere with 5% added CO2. Identification and biotyping of Pasteurella isolates were conducted by previously established procedures (4, 10, 26) . Serotyping of the P. haemolytica isolates was conducted by slide agglutination tests with specific antisera obtained from G. H. Frank, National Animal Disease Center (19) .
DNA isolation from bacterial cultures. DNA was isolated by a revised method of Gebhart et al. (20) (30 V, 20 h ) with TBE (89 mM Tris, 89 mM boric acid, 1 mM EDTA) on a Sub-Cell electrophoresis unit (Bio-Rad, Richmond, Calif.). The gels were subsequently stained (1 h) with ethidium bromide (0.50 mg/ml), visualized with short-wave UV light, and photographed with a red filter.
REA pattern reproducibility was demonstrated by repeating the analysis at least five times. The similarities of isolate pairs were determined by visual comparison of the bands produced by dominant molecular mass fragments of greater than 6.6 kb. Similarity coefficients (SABs) were calculated by the method described by Schmid et al. (31) . Band intensity was not considered in these calculations.
cDNA probe to 16S and 23S Escherichia coli rRNAs. Digoxigenin-labeled dUTP was incorporated into cDNA by the random oligonucleotide primed labeling method (Boehringer Mannheim, Indianapolis, Ind.). Alkaline phosphatasetreated rRNA (21 p,g) and random hexanucleotide primer (50 pmol) were heated to 68°C for 5 min and then annealed by cooling to room temperature slowly. dATP, dCTP, and dGTP (50 nmol each), dTTP (32.5 nmol), digoxigenin-labeled dUTP (17.5 nmol), and avian myeloblastosis virus reverse transcriptase (500 U) were added, and the 550-pl reaction mixture was incubated at 42°C for 1 h. The digoxigeninlabeled probe was precipitated by the addition of LiCl (final concentration, 0.33 M) and 2 volumes of ethanol.
Southern hybridization. Gels of restriction-digested DNA prepared as described above were denatured in a solution of 1.5 M NaCl and 0.5 M NaOH for 1 h and were then neutralized in a solution of 1 M Tris and 1.5 M NaCl (pH 5.5) for 1 h. DNA was transferred to a nylon membrane (Boehringer Mannheim) in lOx SSC (1.5 M NaCl plus 0.15 M sodium citrate) by the method of Southern (34) . DNA was fixed onto the membrane by baking at 80°C for 90 min. Membranes were incubated in prehybridization solution (2% Boehringer Mannheim blocking reagent, 5x SSC, 0.1% sarcosyl, 0.02% sodium dodecyl sulfate [SDS]) for 3 h at 68°C. The fixed DNA on the membrane was then hybridized with 1.4 ,ug of digoxigenin-labeled rRNA-cDNA probe in 15 ml of prehybridization solution overnight at 68°C. The membrane was next washed in a solution of 2x SSC-0.1% SDS for 10 min at room temperature; this was followed by two (38) .
A bacterium characteristic of a Pasteurella sp. was not detected in any of the nasal samples from the ewes, but both biotype T and 3 P. haemolytica were recovered from their tonsillar samples. Pasteurella sp. was not isolated from any of the lamb samples taken prior to 40 days PD. A biotype A Pasteurella sp. was isolated from the lambs' tonsillar samples on PD days 40 and 71 but not from samples collected from either lamb on PD day 53, when the predominant organisms were P. haemolytica biotype T. Biotype T P. haemolytica was isolated in pure culture, and high numbers were isolated from the lambs' transtracheal wash samples. The majority of P. haemolytica biotype T isolates from the ewes and lambs agglutinated in antiserum 10. Of these, several also agglutinated in either antiserum 3 or 4 or both antisera 3 and 4. The remaining isolates were either serotype 3 or 4 ( Table 1) .
A total of 25 isolates from ewes and 24 isolates from lambs were subjected to HaeIII REA. Digested DNA showed distinct and reproducible differences in the 9 to 12 restriction enzyme fragments with molecular masses of greater than 6.6 kb. SAB comparisons of the representative isolates from ewes (isolates 8, 9a, 9b, 10, 11, 12a, 12b) revealed SAB values ranging from 0.09 to 0.95, indicating degrees of relatedness. These isolates were designated REA patterns 1, 10, 11, 12, 13, 7, and 3, respectively ( Fig. 1; Table 1 ). SAB values of ewe isolates 12b and lamb isolates 1, 17a to 17c, and 18a to 18d (REA pattern 3) were 1.0, indicating identity ( Fig. 1 ; Table  1 ). The DNAs of 15 additional isolates collected from lambs 17 and 18 during the test period also produced REA pattern 3. No other biotype T REA patterns were isolated from lambs 17 and 18 throughout the study. REA patterns did not vary when the DNA isolated by ethanol precipitation was compared with that purified by CsCl density gradients.
Hybridization of HaeIII-digested DNA to the digoxigeninlabeled cDNA E. coli 16S and 23S rRNA probe produced two patterns containing six dominant bands (Fig. 2) . Ewe isolates 9a, 11, 12a, and 12b and lamb isolates 1, 17a to 17c, and 18a to 18d were not detectably different in their hybridization patterns (SAB = 1.0) and were designated ribotype A.
Probe hybridization to ewe isolates 8, 9b, and 10 also showed no detectable pattern differences (SAB = 1.0) and were designated ribotype B. Comparisons between representative ribotype A and B isolates showed 50% homology of dominant band positions (SAB = 0.5). All four REA patterns identified as ribotype A produced hemolysis on Columbia blood agar containing 5% sheep blood. All ribotype A isolates agglutinated strongly in antiserum 10 with various reactions in antisera 3 and/or 4 ( Table 1 ). In contrast, ribotype B isolates were not hemolytic on this medium and agglutinated in antiserum 3 or 4 but not antiserum 10 ( Table  1) .
Low-molecular-mass (3-to 4-kb) plasmid DNA was present in isolate 9a. However, plasmid DNA was not observed in any of the other samples. DISCUSSION P. haemolytica isolates are common residents of the pharyngeal areas of clinically normal domestic lambs (2) and bighorn lambs (38, 41) as well as adult animals (37) . Therefore, the presence of these organisms in the pharyngeal areas and nasal passages of the lambs at 40 days of age was not indicative of imminent respiratory disease. However, isolation of P. haemolytica in pure culture from the transtracheal samples of both lambs was conclusive evidence that this organism had invaded the lower respiratory tract and was at VOL. 31, 1993 on August possesses unidentified virulence factors associated with an enhanced ability to colonize the upper respiratory tracts of bighorn sheep. A competitive colonization advantage has been associated with unique characteristics of a variety of bacterial pathogens (11, 32) . Further characterization of Pasteurella isolates may reveal specific factors associated with variances in virulence and the natural host range.
The variance of REA patterns detected in samples from the ewes demonstrates that REA with HaeIII can be used to distinguish among several isolates within a single biotype. In the present study, biochemically and serologically identical isolates from a single animal had unique REA patterns. The ability to discriminate among the related strains carried by these ewes demonstrates that REA with HaeIII is a reliable tool for monitoring transmission of bacteria between animals or groups of animals. REA and ribotyping both provide data indicating ewe-to-lamb transmission ofP. haemolytica in the present study. The fact that ribotyping correlated with beta-hemolytic activity and serotype in the present study is of interest. Additional isolates needs to be tested to further evaluate this correlation. Although ribotyping provides less discrimination between isolates than REA does, it can also be used to categorize and determine epidemiological relatedness among isolates.
ACKNOWLEDGMENTS
We gratefully acknowledge the efforts of the many individuals who assisted with capture operations to obtain pregnant bighorn ewes from herds with poor lamb survival. We also thank Jerry Zaugg and Michael Lane for the application of their surgical skills which made the first successful cesarean delivery of bighorn lambs a reality and to all who provided valuable advice and helped with the many hours of care required to raise the lambs. 
